The hormone relaxin (RLX) has a molecular weight of approximately 5,000-6,000 and is a member of the insulin-growth factor family. In humans and rats, the ovary is the major, if not sole, source of circulating RLX. In pregnant rats, RLX promotes growth and softening of the cervix and vagina, promotes growth of the mammary nipples, and inhibits spontaneous uterine contractility (reviewed in ref. 1).
Introduction
The hormone relaxin (RLX) has a molecular weight of approximately 5,000-6,000 and is a member of the insulin-growth factor family. In humans and rats, the ovary is the major, if not sole, source of circulating RLX. In pregnant rats, RLX promotes growth and softening of the cervix and vagina, promotes growth of the mammary nipples, and inhibits spontaneous uterine contractility (reviewed in ref. 1) .
During early pregnancy in humans, rats, and other mammals, vasodilation of nonreproductive organs leads to a marked decline in total peripheral vascular resistance (2) . The kidneys contribute to this fall in peripheral resistance; a nadir in renal vascular resistance and a reciprocal peak in renal blood flow and glomerular filtration rate of 40%-80% above nonpregnant levels are reached by the end of the first trimester in women (reviewed in ref. 3) . Maximal changes, albeit of a lesser magnitude (20%-40% from nonpregnant levels), are observed in the renal circulation of conscious rats by gestational day 12 (3) .
The "pregnancy hormones" that cause renal vasodilation and hyperfiltration have not been identified. For several reasons, we hypothesized that RLX contributes. First, the plasma concentration of RLX increases rapidly after conception in women (reviewed in ref. 1) , corresponding with the marked increase in both glomerular filtration rate (GFR) and effective renal plasma flow (ERPF) during the first trimester (3) . The stimulus for secretion of RLX by the corpus luteum is human chorionic gonadotrophin (hCG), which rises in parallel (1) . Second, circulating RLX also increases during the luteal phase of the menstrual cycle (1, (4) (5) (6) , coinciding with a transient 20% increase in GFR and ERPF (7) (8) (9) (10) (11) (12) . Third, the gestational rise in RLX corresponds with another early physiological adaptation in human pregnancy, namely, osmoregulatory changes (13) . Chronic administration of recombinant human RLX 2 (rhRLX) to ovariectomized rats reduced plasma osmolality and the osmotic threshold for arginine vasopressin release to levels comparable to the gravid condition (14) . Fourth, the osmoregulatory changes of pregnancy were mimicked by administering hCG to women in the luteal phase of the menstrual cycle and intact female rats, but not to men or ovariectomized rats, suggesting the intermediary role of an ovarian hormone (15) (16) (17) . Associated with the osmoregulatory changes observed in women after administration of hCG was a 15%-20% rise in GFR, which again was not observed in men administered the hormone (Davison, J.M., personal communication). Fifth, although renal vasodilation and hyperfiltration are observed in gravid rats as early as day 5 of gestation, before detectable increases in ovarian and plasma RLX occur, there is a marked jump in GFR and ERPF between gestational days 8 and 12 (18) , when ovarian and circulating RLX surge (19) . Conceivably, the early increase in GFR and ERPF in pregnant rats -and the comparable renal changes in pseudopregnant rats (20, 21) -stem from circulating RLX, which is below the sensitivity of assay detection. To summarize, circumstantial evidence implicates RLX in the control of renal circulation during pregnancy.
In this study, the effect of administered purified porcine and rhRLX on blood pressure and renal function was tested in chronically instrumented conscious rats. RLX proved to be a potent renal vasodilator. Because we showed previously that gestational renal vasodilation and hyperfiltration in conscious rats are mediated by nitric oxide (NO) via endothelin (ET) and the endothelial ET B receptor subtype (22) (23) (24) , we also investigated whether NO mediated the renal vasodilatory response to RLX.
Methods
Animal preparation. Long-Evans female rats 10-14 weeks old were purchased from Harlan Sprague-Dawley (Frederick, Maryland, USA). They were fed PROLAB RMH 2000 diet containing 0.48% sodium (PME Feeds Inc., St. Louis, Missouri, USA) and were provided water ad libitum. To prepare the rats for experimental procedures, they were trained for several hours in a Plexiglas restraining cage (Braintree Scientific Co., Braintree, Massachusetts, USA) on at least five different occasions before surgical intervention. These cages afforded sufficient space for grooming of the face and front paws while preventing the rat from turning around. Thus, accurate timed urine collections and blood samplings were made possible from the chronically implanted bladder and vascular catheters, respectively. Rats failing to habituate to the cage were eliminated from the study (< 1%). All animal procedures were approved by the Institutional Animal Care and Use Committee of the Magee-Womens Research Institute.
The details of the surgical procedures have been described previously (18, 22) . Briefly, using ketamine (6 mg/100 g body weight) and pentobarbital sodium (2.1 mg/100 g body weight) anesthesia, Tygon catheters were implanted in the abdominal aorta and inferior vena cava via the femoral artery and vein, respectively. The bladder catheter, a silastic-covered stainless steel cannula, was sewn into the urinary bladder with a purse-string suture and exteriorized through the ventral abdominal wall. This catheter was then plugged, allowing the animal to urinate through the urethra while in her home cage. In the ovariectomized and sham-ovariectomized animals, the ovaries were first ligated and then excised, or briefly manipulated, respectively, via a small incision made in the lateral abdominal wall immediately after the insertion of vascular and bladder catheters. All surgeries were conducted using aseptic technique. At least a 7-day recovery period was allowed before experimentation.
For chronic infusion of RLX, an osmotic minipump was inserted subcutaneously in the back of the animal under ether anesthesia. After shaving and cleaning the skin with alcohol and betadine, a small incision was made and the minipump containing either rhRLX, purified porcine RLX, or vehicle was inserted. Then the incision was closed with surgical staples. The model 2001 and 2ML1 osmotic minipumps (Alza Co., Palo Alto, California, USA) were used for the purified porcine RLX and rhRLX, respectively.
Experimental protocols
Influence of chronic infusion of purified porcine RLX, rhRLX, or vehicle on renal function in intact female rats. At the beginning of each experiment, immediately after opening the arterial catheter and before infusion of fluids, 100 µl of blood was collected into a heparinized tube. After centrifugation to separate blood cells from plasma, the latter was frozen at -20°C until it was assayed for osmolality. Then three 30-min baseline urine collections with midpoint blood samples and continuous recording of mean arterial pressure (MAP) were made on one or two occasions, separated by at least 48 h, to accurately measure control MAP, GFR, ERPF, and effective renal vascular resistance (ERVR) (MAP/ERPF). The hematocrit was also routinely determined on these midpoint blood samples. The renal clearances of inulin (IN) and para-aminohippurate (PAH) were used to assess GFR and ERPF, respectively. The femoral arterial catheter was connected to a Statham pressure transducer (Gould P23 ID; Statham Instruments, Hato Rey, Puerto Rico) and a Gould Universal amplifier for measurement of MAP, which was displayed on a Gould 5900 Series Signal Conditioner Cage and TA11 chart recorder. Next, an osmotic minipump containing purified porcine RLX (4 µg/h; n = 7), rhRLX (4 µg/h; n = 5), or vehicle (n = 4) was implanted. MAP, GFR, ERPF, and ERVR were assessed on days 2 and 5 of the infusion, and 5-12 days after depletion of the 7-day minipump. Details of our methodologies for the assessment of GFR and ERPF in chronically instrumented, conscious rats, including the measurement of IN and PAH in both plasma and urine, have been published previously (18, 22) . Circulating RLX concentrations of 20-40 ng/ml have been measured in rats of 12-14 gestational days (19) . Based on previous work (14, 25) , an infusion rate of 4 µg/h for purified porcine RLX or rhRLX would be expected to produce plasma levels of 20-40 ng/ml. In fact, we reached this target level; see Results.
Influence of chronic infusion of rhRLX on renal function in ovariectomized or sham-ovariectomized rats. Six female rats each were subjected either to ovariectomy or sham ovariectomy immediately after the implantation of vascular and bladder catheters. Seven days later, renal function and MAP were assessed before the insertion of osmotic minipumps containing rhRLX. On day 5 of the RLX infusion (4 µg/h), renal function and MAP were again determined.
Acute infusion of N ω -nitro-L-arginine methyl ester or angiotensin II during chronic infusion of purified porcine RLX. At least 7 days after the implantation of vascular and bladder catheters, osmotic minipumps containing either porcine RLX (4 µg/h) or vehicle (Ringer's solution) were implanted in intact female rats (n = 7 and 6, respectively). Renal function and MAP were measured on day 5 of RLX infusion (three 30-min urine and midpoint blood collections). Next, an infusion of N ω -nitro-L-arginine methyl ester (L-NAME) (2 µg/min; a substrate competitive inhibitor of NO synthase) was administered intravenously by infusion pump (Model 200; KD Scientific, Boston, Massachusetts). Four 1-h urine collections with midpoint blood samples were collected for the assessment of GFR, ERPF, and ERVR during the L-NAME administration. Identical procedures were performed on additional animals chronically administered porcine RLX (n = 5) or vehicle (n = 5), except that angiotensin II (ANG II) (3 ng/min) was infused rather than L-NAME. Finally, another four age-matched control rats were administered Ringer's solution instead of either L-NAME or ANG II on day 5 of porcine RLX infusion.
Acute administration of purified porcine RLX. Renal function and MAP were measured in four intact female rats during acute infusion of purified porcine RLX. Three 30-min baseline urine collections were obtained with midpoint blood samples to accurately determine control GFR, ERPF, and ERVR. Then a bolus of 2 µg purified porcine RLX in 0.5 ml total volume was given over 5 min into the femoral venous catheter to fill the extracellular water compartment and reach a target concentration of 20-40 ng/ml. Immediately thereafter, porcine RLX was administered at 4 µg/h by infusion pump, and four 1-h urine collections with midpoint blood samples were made during the RLX infusion.
Metabolic cage studies. Six rats were individually housed in Nalgene metabolism cages (Rodent Metabolism Cages for 150-300 g rats; VWR Scientific, Bridgeport, New Jersey, USA). Water and food were provided ad libitum. After 5-7 days of habituation, two baseline 24-h urine collections were obtained. Then an osmotic minipump containing purified porcine RLX was implanted (4 µg/h). Additional 24-h urine collections were made on days 2 and 5 of RLX infusion and on days 4, 12, and 25 after exhaustion of the 7-day minipump. Food and water intake, as well as urinary flow rate were measured by gravimetric technique. The urinary excretion of sodium, cGMP, and nitrate + nitrite (NO X ) were also determined. The measurements made during the two baseline collections were averaged, as were the measurements made during the three post-RLX collections.
Analytic techniques. Plasma osmolality was measured using a freezing-point depression instrumentation osmometer (Model 3MO; Advanced Instruments, Needham Heights, Massachusetts, USA). Plasma and urine IN and PAH were assayed by standard techniques as reported previously (18, 22) . Urinary sodium concentration was measured by ion selective electrode (SodiumPotassium Chemistry Module; Beckman Instruments Inc., Brea, California, USA). Urinary cGMP was determined by specific radioimmunoassay as described previously (26) . Urinary NO X was measured by reduction of nitrate to nitrite, the latter determined by the Griess reaction, which produces a colorimetric product measured at 540 nm (Nitrate/Nitrite Colorimetric Assay Kit; Cayman Chemical, Ann Arbor, Michigan, USA).
One milliliter of blood was obtained from the rats administered with rhRLX for 5 days at the end of the renal function measurements. The levels of rhRLX in serum were then measured in a quantitative sandwich immunoassay (27) . Briefly, wells of a 96-well microtiter plate (Maxisorp Immunomodules; Nalge Nunc International, Naperville, Illinois, USA) were coated overnight with affinity-purified anti-rhRLX rabbit polyclonal antibody. Sera were diluted in PBS containing Tween-20, Thimerosal, BSA (Sigma Chemical Co., St. Louis, Missouri, USA), and normal goat IgG (Organon Teknika-Cappel, Durham, North Carolina, USA), and 100 µl was added to wells in duplicate. After an overnight incubation at 4°C, the wells were washed and 100 µl of affinity-purified, peroxidase-conjugated anti-rhRLX rabbit polyclonal antibody was added to each well. After an appropriate incubation period at room temperature, the wells were washed again, and 100 µl of a tetramethylbenzidine solution was added to each well. After color development, the reaction was stopped, absorbances at 450/630 nm were measured, and RLX concentrations in the sera were determined by entering data into a four-parameter logistic curve-fitting program. The assay has been validated for use with murine serum, shows no detectable cross-reactivity with natural murine RLX, and has a lower detection limit of 20 pg/ml.
Preparation of drugs. PAH and IN were freshly prepared on the morning of the experiment using Ringer's solution as diluent. IN, characteristically insoluble at ambient temperature, was prepared for infusion by heating a 15-ml aliquot in a boiling water bath for 10 min. When diluted in Ringer's solution and mixed with PAH, it remained in solution throughout the experiment. L-NAME (Sigma Chemical Co.) was also prepared in Ringer's solution within 1 h of use. ANG II (5-ILE All or Hypertensin II; Sigma Chemical Co.) was prepared from a stock solution in 5% dextrose (100 µg/ml) that was frozen in aliquots at -20°C. Final dilutions were made in Ringer's solution immediately before infusion. For chronic infusion by osmotic minipump, rhRLX (Connectics, Palo Alto, California, USA) was prepared from a stock 1.5 mg/ml solution in 20 mM sodium acetate (pH 5.0) and diluted accordingly in the same buffer, and the lyophilized, purified porcine RLX (28) was dissolved in Ringer's solution. For acute infusion, the lyophilized purified porcine RLX was prepared daily immediately before use in Ringer's solution containing 0.01% rat albumin (Cappel Research Products, Durham, North Carolina, USA).
Statistical analysis. Data are presented as mean ± SEM. Most data were analyzed using repeated-measures mixed models with treatment group and time as fixed effects. If significant main effects or interactions were observed, then Dunnett's test was used to compare least-squares means for baseline values with all subsequent time periods. Least-squares means for rats that had been administered vehicle and recombinant human and purified porcine RLX were compared using Scheffe's procedure for multiple comparisons. For Table 5 , one-factor repeated-measures ANOVA was used, and group means were compared by Orthogonal Contrasts. P < 0.05 was considered statistically significant (29) .
Results
Chronic infusion of rhRLX, purified porcine RLX, or vehicle. The time-control experiments (Fig. 1, a-d ) using either the vehicle for rhRLX (20 mM sodium acetate, pH 5.0; n = 2) or the vehicle for porcine RLX (Ringer's solution; n = 2 rats) showed relative stability of MAP, GFR, ERPF, and ERVR over the approximately two-week study period (P = not significant [ns] by ANOVA). Because the results obtained with the two different vehicle preparations were comparable, they were combined. While chronic infusion of purified porcine RLX at 4 µg/h did not significantly change MAP, there was a marked increase in GFR and ERPF, as well as a reciprocal reduction in ERVR on both days 2 and 5 of administration (P < 0.05 vs. baseline and vehicle). Similar results were obtained for rhRLX, except that significance was not reached until day 5 of infusion.
Chronic infusion of rhRLX in ovariectomized or sham-ovariectomized rats. The profound rise in GFR and ERPF, as well as fall in ERVR, observed on day 5 of RLX infusion were comparable in ovariectomized and sham-ovariectomized rats (P = ns) (Fig. 2 a-d) .
Acute infusion of L-NAME or ANG II during chronic infusion of purified porcine RLX. The renal vasodilation and hyperfiltration in the RLX-treated rats observed on day 5 of infusion was completely abrogated by NO synthase inhibition (Table 1) . To minimize the possibility that the convergence of renal function in the RLX and vehicle infused rats elicited by L-NAME was merely a consequence of nonspecific renal vasoconstriction, the experimental paradigm was repeated using another vasoconstrictor, ANG II. Rather than converging, ERPF and ERVR diverged even further during the acute infusion of ANG II (Table 2) . Thus, these results were diametrically opposed to those obtained using the L-NAME. To emphasize the contrasting effects of L-NAME and ANG II on renal function and MAP in conscious rats chronically administered RLX, the percent change in MAP, GFR, ERPF, and ERVR from baseline is portrayed in Figs. 3 and 4. L-NAME produced a significantly greater rise in MAP and ERVR and reduction in GFR and ERPF in the RLX-treated compared with vehicle-infused rats (P < 0.05 by ANOVA). In contrast, the percent increase in MAP and reduction in GFR elicited by ANG II was comparable in the RLX-treated and vehicle-infused rats, whereas the percent increase in ERVR and reduction in ERPF was markedly attenuated in the rats administered chronic RLX (P < 0.001 vs. vehicle by ANOVA). Another group of rats chronically treated with porcine RLX was administered Ringer's solution instead of L-NAME or ANG II, and thus served as time controls. Neither MAP nor any of the renal parameters were consistently altered over the approximately six hours of vehicle infusion (Table 3) .
Acute administration of purified porcine RLX. A 2-µg bolus of purified porcine RLX followed by a sustained infusion of 4 µg/h for four hours did not affect either GFR or ERPF (Fig. 5, a-d) .
Hematocrit and plasma osmolality. In the intact female rats chronically administered either purified porcine or rhRLX for the study of renal function, both the hematocrit and plasma osmolality showed significant decrements by day 2 (P < 0.05) ( Table 4) .
Urinary excretion of cGMP and NO X . The 24-hour urinary excretion of cGMP and NO X were not significantly affected by the chronic infusion of porcine RLX at 4 µg/h (P = ns by ANOVA). In the same animals, urinary sodium excretion and water intake were significantly increased on days 2 and 5, respectively, of RLX infusion (P < 0.05 vs. baseline and post-RLX) ( Table 5) .
Serum RLX. In 17 of the rats, we measured the serum concentration of the rhRLX that was infused by osmot-
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The A Mean ± SEM. L-NAME was infused intravenously at 2 µg/min and RLX at 4 µg/h by osmotic minipump subcutaneously. There were seven and six rats, respectively, in the RLX and vehicle groups. B P < 0.05 vs. baseline. C P < 0.05 RLX vs. vehicle. L-NAME, N ω -nitro-L-arginine methyl ester; RLX, relaxin.
ic minipump at 4 µg/h for five days. The mean ± SEM was 28.1 ± 4.8 ng/ml.
Discussion
Our objective was to determine whether exogenous RLX would elicit renal vasodilation and hyperfiltration in conscious rats. The major findings were: (a) chronic administration of either purified porcine or rhRLX markedly increased both GFR and ERPF; (b) this increase was observed irrespective of the presence or absence of the ovaries; (c) L-NAME, a NO synthase inhibitor, completely abrogated the renal vasodilation and hyperfiltration elicited by chronic RLX infusion; and (d) chronic administration of RLX markedly attenuated the renal vasoconstriction produced by ANG II.
Importantly, the renal vasodilatory effect of purified porcine RLX depended on the time course of administration. Neither GFR nor ERPF was altered during the acute infusion of purified porcine RLX (≤4 hours), but both were markedly increased with more prolonged administration (≥48 hours; Figs. 1 and 5) . To exclude the remote possibility that this effect of porcine RLX on GFR and ERPF was secondary to some unidentified trace impurity in the porcine RLX preparation, we also administered rhRLX by subcutaneous osmotic minipump at the same rate of 4 µg/h. The increase in both GFR and ERPF, as well as reciprocal decline in ERVR, were comparable between the two RLX preparations, although the time course may have been somewhat delayed for the rhRLX (Fig. 1) .
The magnitude of increase in GFR and
The ERPF, as well as decline in ERVR, is similar to that observed during midgestation in rats ranging from 20%-40% (18, 22) . Importantly, time-control studies in which the vehicles for the two preparations of RLX were administered instead of the hormones showed relative stability of MAP and renal function (Fig. 1) . Based on the work of other investigators (14, 25) who administered purified porcine or rhRLX to rats and reported both the dosage given and circulating concentration reached, we were able to establish an approximate infusion rate of 4 µg/h that would produce serum levels comparable to those observed during gestational days 12-14 in rats, i.e., 20-40 ng/ml (19) . We chose levels of serum RLX to approximate values observed on gestational days 12-14 because both GFR and ERPF are maximal at this time in the pregnant rat (18, 22) . When we measured the serum concentration of rhRLX on day 5 of chronic infusion, we indeed observed levels that were close to our target values (see Results). Of course, this approach to establishing a proper dose is only an approximation, because the relative potency of porcine and rhRLX compared with that of endogenous rat RLX, with respect to the renal circulation, is not known.
Some of the biological actions of RLX in the female reproductive tract depend on estrogen and/or progesterone, or are potentiated by the sex steroids (reviewed in ref. 1). However, this does not appear to be the case for the effect of RLX on the renal circulation (Fig. 2) . The magnitude of change in renal function was comparable between ovariectomized and sham-ovariectomized rats, suggesting the lack of a permissive or potentiating role for estrogen or progesterone.
This study provides evidence that RLX exerts its effect on the renal circulation via NO (Table 1 and Fig. 3 ). Acute administration of inhibitors of NO synthase similarly abrogated renal vasodilation and hyperfiltration in conscious midterm pregnant rats (22) . NO synthase inhibition, however, produced a significantly greater pressor effect in the RLX-treated rats, a finding that was not observed in midgestational rats (22) . Differences in baroreflex control may account for the disparate effects of NO synthase blockade on blood pressure in RLX-treated rats compared with midterm pregnant rats, because the hypertensive response to L-
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Figure 3
The effect of L-NAME infusion in rats administered purified porcine RLX (n = 7) or vehicle (n = 6) for 5 days. The means ± SEM represent the percent change from baseline values for (a) mean arterial pressure (b) glomerular filtration rate (c) effective renal plasma flow, and (d) effective renal vascular resistance. L-NAME, N ω -nitro-L-arginine methyl ester. NAME was greater in pregnant rats subjected to ganglionic blockade (30) . However, this possible explanation remains to be tested. A link between RLX and peripheral vasodilation, as well as NO, was reported previously. Specifically, chronic administration of rat RLX (1.8 µg/day) reduced blood pressure and diminished the vasoconstrictor responses in the isolated, perfused mesenteric circulation of spontaneous hypertensive rats (31, 32) . Moreover, perfusion of rat and guinea pig hearts in a Langendorff apparatus with porcine RLX significantly increased coronary blood flow via stimulation of NO (33) . To reduce the possibility that the abrogation of renal vasodilation and hyperfiltration in RLX-treated rats by NO synthase blockade was due merely to nonspecific renal vasoconstriction, we also administered ANG II. In contrast to L-NAME, the renal vasoconstrictor effect of ANG II was attenuated rather than exaggerated in the rats administered RLX compared with those animals given vehicle, although the systemic pressor response to ANG II was unaffected by RLX administration (Table 2 and Fig. 4) . In fact, similar attenuation of the renal vasoconstrictor action of ANG II was observed previously in midterm pregnant (22) and late gestational rats (34) . In contrast to human pregnancy, reduced systemic pressor response to ANG II is not apparent until late gestation in the rat (34) . Whether systemic vascular refractoriness develops earlier in rat pregnancy is unknown, because concurrent measurement of cardiac output and blood pressure has not been made during ANG II infusion in the species. Importantly, infusion of vehicle instead of either L-NAME or ANG II in RLX-treated rats showed relative stability of blood pressure and renal function over time (Table 3) .
Previous investigators (14) demonstrated that chronic administration of RLX to ovariectomized rats reduced plasma osmolality and the osmotic threshold for arginine vasopressin release. Our work corroborates these findings, insofar as plasma osmolality fell by approximately 10-15 mOsmol/kg water on day 5 of purified porcine or rhRLX administration (Table 4) Porcine RLX 301 ± 2 289 ± 2 B,C 287 ± 2 B,C 299 ± 2 -14 ± 3 C Vehicle 298 ± 3 297 ± 2 299 ± 3 299 0 ± 2 rhRLX 299 ± 2 291 ± 3 B,C 286 ± 2 B,C 302 -12 ± 2 C A Mean ± SEM. RLX was infused at 4 µg/h by osmotic minipump subcutaneously. There were seven, four, and five rats, respectively, in the porcine RLX, vehicle, and rhRLX groups at baseline and at days 2 and 5 of treatment. During the post-RLX period, six, two, and two rats were studied in the porcine RLX, vehicle, and rhRLX groups. Two of the rats in the vehicle group received Ringer's solution (vehicle for porcine RLX), and two received 20 mM sodium acetate (pH 5.0) (vehicle for rhRLX). The results were not different; therefore, the data were combined. B P < 0.05 vs. baseline. C P < 0.05 RLX vs. vehicle. rhRLX, recombinant human relaxin.
This event was associated with a significant reduction in hematocrit, suggesting plasma volume expansion. In metabolism cage studies (Table 5) , water intake was also noted to be significantly increased on day 5 of hormone administration, which is consistent with a previous report demonstrating that endogenous RLX increased water intake in rats during the light period in the second half of gestation (35) . Because a decline in the plasma osmolality and osmotic threshold for arginine vasopressin release and water appetite are maternal adaptations in pregnancy (13) (14) (15) (16) (17) , it is tempting to speculate that RLX contributes to these responses, especially since they roughly correspond with the appearance of the hormone in the circulation of both rats and humans (1, 19) . Thus, circulating RLX may directly mediate these osmoregulatory changes in the central nervous system via the circumventricular organs or indirectly by reducing total peripheral vascular resistance, thus effecting nonosmotic release of arginine vasopressin and alteration of the threshold for thirst. Alternatively, these osmoregulatory changes may be mediated by local production of RLX and its action on receptors in the central nervous system (36) . Pregnancy in rats and women is accompanied by a marked increase in urinary excretion and/or plasma level of cGMP (reviewed in ref. 37 ). The chronic administration of purified porcine RLX decidedly failed to mimic this finding (Table 5) , despite its renal vasodilatory effect mediated by NO, and presumably cGMP, the second messenger of NO. The parallel increase of cGMP and the NO metabolites, nitrate and nitrite, in both the plasma and urine of gravid rats may result mainly from the expression of the inducible form of NO synthase in other tissues besides the vasculature, thereby having little or no relation to the vasodilatory changes of pregnancy (38) . In other words, the profound renal vasodilatory effects of pregnancy and of RLX infusion in nonpregnant rats both may be mediated by increased vascular production of NO by the endothelial isoform of the enzyme, but the increase in NO generation is relatively small and, consequently, does not significantly impact on the urinary excretion of nitrate and cGMP, which is already substantial.
In summary, this study demonstrates that prolonged administration of RLX is vasodilatory in the renal circulation of conscious rats. This effect is independent of other ovarian hormones but dependent on NO. Because the impact of exogenous RLX on the renal circulation mimics that of pregnancy, a role for endogenous RLX in the control of renal vasodilation and hyperfiltration during pregnancy warrants investigation.
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Figure 5
Effect of short-term infusion of purified porcine RLX on (a) mean arterial pressure (b) glomerular filtration rate (c) effective renal plasma flow, and (d) effective renal vascular resistance. n = 4 rats. 4.8 ± 0.5 6.0 ± 1.0 5.9 ± 0.7 6.1± 0.9
A Mean ± SEM, n = 6 rats. RLX was infused at 4µg/h by osmotic minipump subcutaneously. B P < 0.05 vs. baseline and post-RLX administration. NOX, nitrate + nitrite.
